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1g64.-Electrical potential differences across the tubular epithelium of loops of Henle and of collecting ducts were measured by microelectrode techniques. In a separate series of experiments concentrations of Na22 and of chloride were estimated in fluid collected from Henle's loop and in vas rectum plasma at corresponding cross-sectional levels of the papilla. The lumen of thin ascending limbs of Henle's loop was found electrically more negative (mean : -I I mv), with respect to interstitial fluid, than the lumen of thin descending limbs ( -3 mv) . No chemical driving force for reabsorptive net diffusion of sodium chloride was found across the wall of thin limbs of Henle's loop. The magnitude of the electrical potential differences observed across the collecting duct epithelium (mean: -I 4 mv) indicates the existence of active transport of both sodium and chloride across this part of the terminal nephron. tubular epithelium electrical potential tubular sodium transport tubular chloride transport Henle's loop P REVIOUS MICROPUNCTURE STUDIES have provided much evidence for the view that countercurrent systems are involved in the urinary concentrating mechanism of the mammalian kidney. Measurements of osmotically active solutes, sodium, chloride, and urea were made on fluid samples collected from loops of Henle, vasa recta, and collecting ducts (6-g, I I, 14, 2 I). From these studies the following features of the countercurrent system of the concentrating kidney evolved: First, net absorption of salt from tubular fluid between the tip of Henle's loop and the distal convoluted tubule occurs across a barrier relatively impermeable to water. Second, a progressive increase in osmotic pressure appears toward the tip of the papilla in descending loops of Henle, vasa recta, and collecting ducts. Third, collecting duct epithelium also can transport salt against chemical concentration gradients and, in antidiuresis, allows for back diffusion of urea and water into the medullary interstitium.
7s.
The purpose of the present study was to define further the driving forces for transtubular ion movement involved in the production of hypertonic urine. In particular, electrical potential differences across tubular epithelium of loops of Henle and of collecting ducts were measured to obtain information about the nature of sodium chloride movement in these parts of the nephron. In separate series of experiments concentrations of Na22 and of chloride were estimated in fluid from Henle's loop and in vas rectum plasma at corresponding crosssectional levels of the papilla. Thus, transtubular electrical and chemical potential gradients were assessed under identical experimental conditions.
METHODS
Adult male and female golden hamsters (Mesocricetus auratus) ranging in weight from 50 to I 30 g were injected intraperitoneally with sodium pentobarbital (30-40 mg/kg body wt.). The animals had free access to water and food until the time of the experiment.
They were maintained on a normal rat pellet diet supplemented by milk. After adequate anesthesia, one external jugular vein was cannulated for intravenous infusions and a tracheotomy was performed. The left kidney was exposed by a midline abdominal incision with lateral extension. The viscera were withdrawn to the right and a plate retractor placed between left kidney and diaphragm to reduce respiratory movements. Immobilization was facilitated by compression of the left dorsal abdominal wall between the blunt edge of the plate retractor and the supporting animal board. The left kidney was freed of perirenal fat and placed in an oval Lucite dish as described by Wirz (24). The technique used in the preparation of the renal papilla was similar to that described by other authors (8, g, 2 I, 24). The surface of the papilla was illuminated by means of a Kniseley quartz rod apparatus (I 2) and was submersed in 0.9 % NaCl solution to provide for electrical grounding. All experiments were performed 6as on a heated animal board. In order to maintain identical experimental conditions, even in those experiments in which only collection of fluid samples, but no electrical measurements were carried out, 0.9 % saline solution was chosen as bathing fluid rather than the mineral oil customarily used in micropuncture studies. The bathing fluid flowing out of the quartz rod was equilibrated with room air and kept at 38 C. The method of micropuncture has been described in detail in an earlier publication ( 3) 2 .
The technique of measuring electrical potential differences was similar to that of Giebisch (5) Fig. 3 and Table 3 .) In a separate series of experiments on seven hamsters the average TF/P chloride concentration ratio amounted to 3. I 4 (range:
1.57 to 6.33). In one experiment an exceptionally high chloride concentration was measured both in loop fluid and in vas rectum plasma. Since no fault was evident either in the condition of the animal or in the chemical analysis the results of this experiment were included in this paper. One sample was collected from a descending limb, one from the bend, whereas all others originated from ascending limbs of loops of Henle. The corre- ) and can reasonably be assumed in the thick ascending loop of Henle, but its occurrence in the thin part of the loop has remained controversial. In the past, various investigators have concluded that sodium ions are transported actively in this part of the nephron (7,8, I 3, 25) , whereas others have first proposed passive (g), then active function (7), and recently on the basis of microperfusion experiments (16) have returned to their original view of attributing passive function to the thin ascending limb (20) .
The data obtained in the present study cannot directly show the existence of net transport of salt in thin ascending loops but, as confirmed by others (16), indicate functional differences between thin descending and thin ascending limbs of Henle's loop. Thus, by just turning around the bend the lumen of the loops acquires additional electrical negativity of some 8 mv.
Most investigators agree that sodium chloride diffuses had not interfered with the generation of normal potential differences. Although potassium cyanide and iodoacetic acid might have also caused changes in the passive permeability of the tubular wall, the main action of these substances is the inhibition of glycolytic and oxidative metabolism in living tissues. The inhibitor-induced depolarization is, therefore, consistent with the view that the establishment of transtubular potentials in thin ascending loops of Henle depends on the integrity of cellular metabolism. The results of Na22 analysis in fluid from loops of Henle (mean : 2.20) are consistent with the two Na2* activity ratios found by Lassiter et al. (14) and with the data reported by Gottschalk et al. (7) . Na22 concentration ratios of vasa recta, though slightly higher (mean : 2.23), were similar to the average ratio of I .g7, calculated from the data of Ullrich et al. (2 I ). Also, the chloride ratios in loops of Henle found in the present study (mean: 3.14) were of comparable magnitude as those published in Gottschalk's Bowditch lecture (6). By contrast, the average vas rectum/plasma chloride concentration ratio of 2.35, calculated from the data of Ullrich and associates (2 I ) is considerably lower than the corresponding mean value of 3.35 found in this series of experiments.
Furthermore, chloride concentrations were found to be higher in samples of loop fluid than in vas rectum plasma of the same animals by Gottschalk and co-workers (unpublished 
